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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A somatometry device comprising: 

A measuring optical system which enters a measuring beam in a living body and 
measures with a wavelength number more than an objective component which is going 
to measure simultaneously the amount of absorbance variations by diffuse reflection 
and the transmitted light in a living body in a process of a living body's change of state, 
and the same number. 

A weighting-factor memory part which memorizes a weighting factor of full wave 
length per each measurement component. 

Usually, a mode change part which switches measuring mode and calibration mode. 
Usually, in an objective component calculation part which computes variation of an 
objective component by using a weighting factor for every measured wavelength at the 
time of measuring mode, and calibration mode, A limited specific component it is 
expected that it is changing in a reaction process for proofreading out of a total 
measurement ingredient is specified, A coefficient correcting part which transposes only 
a weighting factor of an ingredient which proofread among coefficients which compute 
a weighting factor which a limited ingredient applicable as what only a limited 
ingredient changes after an end of a reaction process for proofreading, and does not 
have change of the other ingredient corrected, and are contained in said 
weighting-factor memory part to a new value. 



DETAILED DESCRIPTION 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention enters a measuring beam in a living body, and 
relates to the living body oxygen monitor etc. which monitor hemoglobin in blood, etc. 
by measurement of the absorbance variation of its diffuse reflection and transmitted 
light (light which once entered in the living body and has been emitted out of a living 
body by diffusion or reflection from the living body). 
[0002] 

[Description of the Prior Art] Since 700-1 000-nm light is comparatively apt to pass in 
the living body, to irradiate a living body with the measuring beam of this field, and to 
measure the amount of hemoglobin, etc. by non-invasion is tried. Oxygenation 
hemoglobin, deoxygenation hemoglobin, and the amount of concentration changes of 
the cytochrome oxidase, It can ask by what is called linear combination that applied to 
which and totaled the weighting factor in the amount of absorbance variations measured 
to two or more measured wavelengths (see JP,2-95262,A, a "artificial organ", 18.(5), 
1573-1580 (1989), etc.). 

[0003]then, the weighting factor used is determined by the experiment (the inch vitro 
method) or animal experiment (the inch situ method) which uses erythrocyte suspension 
beforehand (a "artificial organ" and JjL(5).)Refer to 1573-1580 (1989), J. Appl. Physiol., 
64. 769-802 (1988), etc. in In the vitro method, the thing of various concentration of red 
blood cells of the erythrocyte suspension in which hemoglobin was oxygenated, or the 
erythrocyte suspension in which hemoglobin was deoxygenated is measured using an 
optical cell, First, the relative value of the absorbancy index in the predetermined 
wavelength of oxygenation or deoxygenation hemoglobin is calculated from the ratio of 
each wavelength of the slope of a: line of an absorbance versus concentration. From 
these, simultaneous equations are solved and a weighting factor is calculated. By the in 
situ method, animals, such as a rat, are used instead of an optical cell, oxygenation or 
deoxygenation erythrocyte suspension is refluxed with a pump to the cerebral blood 
vessel of an animal, and an absorbance is measured using the optical probe attached to 
the brain of the animal. Later Like the in vitro method, the relative value of the 
absorbancy index in predetermined wavelength was calculated, simultaneous equations 
were solved continuously, and the weighting factor is defined 
[0004] 

[Problem(s) to be Solved by the Invention]The weighting factor defined in the 
above-mentioned coefficient determination experiment was not necessarily defined to 
the survey sample, in The vitro method The experiment of the in situ method cannot be 
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applied to human being, and a coefficient determination experiment cannot be 
conducted to an animal on the conditions as the work at the time of coefficient 
determination that it is the same before survey. Therefore, when a scattering 
characteristic has a difference between "the sample of survey", and "a sample when a 
coefficient is decided", the calculation result of the objective component variation 
computed using the set up weighting factor becomes inaccurate. Since the absorbance 
variation measures especially the cytochrome oxidase to a very small top based on 
change of the absorbance produced into the remaining portion that deducted change of 
absorption of oxygenation hemoglobin and deoxygenation hemoglobin, When the 
weighting factor of hemoglobin is not exact, the cytochrome oxidase cannot be 
measured correctly. By tuning the weighting factor for computing an objective 
component finely using the sample of survey, an object of this invention is to obtain the 
right computed result of an objective component 
[0005] 

[Means for Solving the Problem]This invention is shown in drawing 1 (A). The 
measuring optical system 50 enters a measuring beam in a living body, and measures 
the amount of absorbance variations by diffuse reflection and the transmitted light in a 
living body in a process of a living body's change of state with a wavelength number 
more than an objective component which it is going to measure simultaneously, and the 
same number. The weighting-factor memory part 54 memorizes a weighting factor of 
full wave length per each measurement component The mode change part 53 usually 
switches measuring mode and calibration mode. The objective component calculation 
part 52 computes variation of an objective component by a weighting factor for every 
measured wavelength usually being used for it at the time of measuring mode, as shown 
in the figure (B). In [ as the coefficient correcting part 56 is shown in the figure (B) ] 
calibration mode, A limited specific component it is expected that it is changing in a 
reaction process for proofreading out of a total measurement ingredient is specified, A 
weighting factor which a limited ingredient applicable as what only a limited ingredient 
changes after an end of a reaction process for proofreading, and does not have change of 
the other ingredient corrected is computed, and only a weighting factor of an ingredient 
which proofread among coefficients contained in the weighting-factor memory part 54 
is transposed to a new value. At calibration mode, a reaction from which only a limited 
specific component changes will be measured by full wave length. Using overlapped 
information of wavelength, the coefficient correcting part 56 re-calculates a weighting 
factor of a limited ingredient, and substitutes a value set [ of the weighting-factor 
memory part 54 ] up. 
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[0006] 

[Function]The weighting factor of a real sample is described below. Considering the 
case where oxygenation hemoglobin, deoxygenation hemoglobin, and the cytochrome 
oxidase are measured, on the conditions predicted that the cytochrome oxidase does not 
change as the ingredient limited method for proofreading. Oxy and the degree of 
oxygenation of a deoxyhemoglobin can be changed. Namely, a sample should just 
change an oxygenation state within limits which will not be in an anaerobic condition 
too much. Although the change at this time is two ingredients, oxygenation hemoglobin 
and deoxygenation hemoglobin, if it measures with three waves (what is necessary is 
just three or more waves theoretically), it can be checked about one superfluous wave 
among the weighting factors to three waves. In this case, about oxygenation hemoglobin 
and deoxygenation hemoglobin, the weighting factor to three waves exists it by three 
waves, respectively, and a total of six pieces exist 

[0007]Although the outline of the flow of the program in calibration mode is shown in 
drawing 7, an example explains below. The variation of oxygenation hemoglobin and 
deoxygenation hemoglobin is computed using the weighting factor of two wavelength 
which can set trust first more, and the weighting factor of the remaining wavelength is 
corrected so that the variation of oxygenation hemoglobin and deoxygenation 
hemoglobin may turn into the computed variation. 

[0008]The absorbancy index of blood shall be measured in now, for example, each 
wavelength of 690 nm, 780 nm, and 830 nm. Those absorbancy indexes assume that it 
has a wavelength characteristic as shown in drawing 2 . Although the absorbancy index 
of each wavelength is defined beforehand, for example to two waves, 780 nm and 830 
nm, as what can trust the absorbancy index defined beforehand, two waves of 780 nm 
and 830 nm shall be made into reference measurement wavelength, and the absorbancy 
index of 690 nm shall be corrected [ the ]. 

[0009] When absorbancy-index ai of each oxygenation hemoglobin, a 2 , and 830 nm of 
absorbancy-index bi of deoxygenation hemoglobin and t>2 are given with 780 nm, it is 
delta about the concentration change of oxygenation hemoglobin. [HbCh] It is delta 
about the concentration change of deoxygenation hemoglobin. [Hb] If it carries out, the 
following (1) type will be realized. 

aidelta [HbCb] + bidelta [Hb] = deltaAia 2 delta [HbOz] + fedelta [Hb] = deltaA 2 (1) 
However, the absorbance variation in 780 nm and deltaA2 of deltaAi are the absorbance 
variations in 830 nm. 

[0010](1) It is delta about a formula. [Hb0 2 ] deltalf it solves about [Hb], the following 
(2) types can be found. 
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delta [Hb0 2 ] = k,deltaAi+k 2 deltaA 2 delta [Hb] = ki'deltaAi+k 2 * deltaA 2 (2) 
Here, the cytochrome oxidase will be delta, if it does not change, but the oxygenation 
state of hemoglobin is changed and deltaAi and deltaA 2 are measured as a function of 
time. [HbOJ deltaThe temporal change of [Hb] can be found. However, the coefficient 
of (2) types [0011] 
[Equation 1] 
a| bi 



D= 



a 2 b 



[0012]When carrying out, it is ki^/Dk^-bj/Dki'^/Dky =ai/D. 
[OOBJdeltafHbOJ deltaThe absorbancy index in the 3rd wavelength is calculated as 
follows using the value of each time of [Hb], and the value of each time of absorbance 
variation deltaA 3 in the 3rd wavelength (here 690 nm). For example, an upper arm part 
is bound with the pressure of lOOmmHg, and only a vein is stopped. Since both an 
artery and a vein will stop if an upper arm part is strongly bound with 200mmHg, the 
pressure bound here is intentionally set to 1 OOmmHg. If it does so, an absorbance 
variation will be measured as shown in drawing 3 (A). It is the time when between M 
•has bound the arm with drawing 3 (A) from the sign M. Although drawing 3 (A) shows 
four waves of data, in explanation, three waves of 690,780,83 0-nm data are used. Two 
waves of data, 780 nm and 830 nm, are used among drawing 3 (AY and it is delta. 
[Hb0 2 ] deltalf the temporal change of [Hb] is calculated, it will be obtained as shown in 
drawing 3 ( B). The formula used for computing drawing 3 (B) is the following equation. 
delta[Hb02] = -3.33deltaA 78 o+3.83deltaA83odelta [Hb] = The formula of 
3.58deltaA 7 8o-3.1 ldeltaAg 3 o ** corresponds to (2) types, and a coefficient is a 
coefficient which was calculated beforehand and which is considered to be reliable. 
[0014]Amount of absorbance variations deltaA 3 in 690 nm of each time [Hb0 2 ] 
deltaThe following (3) types should be materialized between [Hb]. 
a 3 delta [HbC^] + b 3 delta [Hb] = deltaA 3 (3) 

[HbCb] delta[Hb] If it carries out and the reference measurement wavelength of 780 nm 
and the computed value in 830 nm are used, as for absorbance variation measured value 
deltaA 3 in the 3rd wavelength of 690 nm, it comes to be shown in drawing 4 and (3) 
types are each measuring times (delta). [Hb0 2 ] delta[Hb] It is simultaneous equations 
with which only the number of the groups of deltaA 3 exists, and unknowns are a 3 and b 3 . 
Since there are more formulas than the number of unknowns, a 3 and b 3 can be calculated 
with the least square method, namely (delta) [HbC^] delta[Hb] If it will be written as 
each class (i(xi, yi, Ai) = 1, 2 - -) of deltaA 3 , (3) types will serve as aaxi+b^Ai (3 1 ), 
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and it is sigmaxiyi= by the solution of the usual least square method, [x, y] 
sigmaxi 2 = [x, x] 
sigmaxiAi= [x, A] 

If it is written as ****, it will be normal equation a3. [x, x] + b 3 [x, y] =[x, A] 
a 3 [x, y] + b 3 [y, y] =[y, A] (4) 
As **** [0015] 
[Equation 2] 

1 |u, A) Cx, y]l 
. Aj(y, a) Cy, y) 



1 |(x, x) Cx, A) 

a|U, y) Cy. A) 



A = Cx* x)(v, y] — [x, y] ! 



(5) 



[0016]********. Thus, the amount change delta of oxygenation hemoglobin which 
calculated coefficient a 3 and b3 in the wavelength of 690 nm, and was calculated with 
the wavelength of 690 nm, and two waves of 780 nm using the coefficient a 3 and b 3 
which were computed [HbCh] The amount change delta of deoxygenation hemoglobin 
The temporal change of [Hb] is shown in drawing 3 (C). This formula is as follows. 
delta[Hb02] = -1.80deltaA69o+2.37deltaA 7 8odelta [Hb] = Since 
L47deltaA690-1.07deltaA78o drawing 3 (B) and (C) is very well in agreement, it is 
judged that the absorbancy index of 690 nm conforms well with two waves of other 
absorbancy indexes. 

[0017]The standard deviation sigma of remainder rhoi besides the method of comparing 
judgment whether the calculated coefficient of 690 nm is appropriate by a diagram like 
drawing 3 serves as the index. Remainder rhoi of each point is rhoi=AL - (a^+l^ yi) 
The absorbance at each [ which came out, exists and measured Ai on the wavelength of 
690 nm ] time, and (a 3 xi+b 3 yi) are the absorbances at each [ which was computed ] 
time. Standard deviation sigma [0018] 
[Equation 3] 

m — — 

1=1 

(6) 

n-2 



[0019]It asks by carrying out. A weighting factor (ai, a2, a 3 , bi, b2, t^) will be 
appropriate, so that the standard deviation sigma is small, in order to make a weighting 



f 



[JP,07-213512,A] 



factor still more appropriate — next time — for example, a standard [ ( 3 / a.2, a 3 , 1^, / b) ] 
~ carrying out (ai ? bi) — it corrects by the same procedure. Thus, a thing much more 
appropriate as a weighting factor of a survey sample can be obtained by repeating 
correction and proofreading the weighting factor. If the coefficient calibration program 
shown in drawing 7 above is completed, the corrected coefficient will be written in a 
coefficient memory part, and calibration mode will be ended. 
[0020]Next, how to usually calculate the variation of the cytochrome oxidase in 
measuring mode in addition to oxygenation hemoglobin and deoxygenation hemoglobin 
is explained. Supposing the absorbancy index to three measured wavelengths of 
oxygenation hemoglobin and deoxygenation hemoglobin has become settled, it can ask 
for three ingredients from the 3 yuan simultaneous equations using the absorbancy 
index of the cytochrome oxidase. 

[0021] As the cytochrome oxidase is shown in drawing 5 to oxidation and reduction, 
there is no change by 690-780 nm, and only 830-nm change exists. That is, it is ci=c 3 =0 
when the absorbancy index of the cytochrome oxidase in three wavelength of 780 nm 
(lambdai), 830 nm (lambda 2 ), and 690 nm (lambda 3 ) is made into ci, c 2 , and c 3 . 
[0022]The following (7) equations are materialized as a thing corresponding to (1) 
-equation in the simultaneous equations to three waves of three ingredients, 
aidelta [Hb0 2 ] + fydelta [Hb] = deltaAia 2 delta [Hb0 2 ] + t^delta [Hb] + c 2 [cyto] = 
f deltaA 2 a 3 delta [Hb0 2 ] + b 3 delta [Hb] = deltaA 3 (7) Here, the paragraph which 
corresponds to each for ci=c 3 =0 has disappeared. It is delta when this is solved. [Hb0 2 ] 
= KideltaAi+K 2 deltaA 2 +K 3 deltaA 3 delta [Hb] = KrdeltaAi+K 2 , deltaA 2 +K 3 f deltaA 3 delta 
[cyto] = K, M deltaA,+K 2 ' 'deltaA 2 +K 3 " deltaA 3 (8) 
******** ft con.^ [ 00 23] 

[Equation 4] 





ai 


b, 


0 


D = 


a 2 


b 2 


c 8 




a 8 


b s 


0 



[0024]It carries out K,= (-b 3 c 2 ) =[ /DK 2 =0K 3 =(biC 2 ) /DK,'] (a 3 c 2 ) /DK^Ky^-aicz) 
/DK,"= (a 2 b3-a 3 b2) / DK 2 * - '= (a 3 b,-a,b3) / DK 3 ' - Kaib^b.yD (Q) 
It comes out 

[0025]The example measured similarly is indicated to be drawing 3 (A). (B), and (C) to 
(C) from (A) of drawing 6 o n the conditions from which both oxygenation hemoglobin, 
deoxygenation hemoglobin, and the cytochrome oxidase change. The big difference has 
appeared in (B) of drawing 6. and (C). This is because the cytochrome oxidase is also 
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changing. Then, it calculated using (8) and (9) types which are formulas of three 
ingredients. The formula is as follows. 

delta[Hb0 2 ] = -1.80deltaA 69 o+2.37deltaA 7 8o+ OA 83 odelta [Hb] = 
1.47deltaA 69 o-1.07deltaA 7 8o+ OA 83 odelta [cyto] = 0.47deltaA69o-1.49deltaA 7 8o+ Change 
of 1.0Ag3o as a result oxygenation hemoglobin, deoxygenation hemoglobin, and the 
cytochrome oxidase is called for like drawing 6 (D). However, in drawing 6 (D), the 
variation of the cytochrome oxidase is expanded and displayed 10 times. Change of 
drawing 6 (D\ oxygenation hemoglobin of (C), and deoxygenation hemoglobin is well 
in agreement 

[0026]The operation which corrects the weighting factor shown above, and the 
operation which calculates the variation of oxygenation hemoglobin, deoxygenation 
hemoglobin, and the cytochrome oxidase are summarized to drawing 7. and is shown. 
[0027] 

[Example] Drawing 8 shows the oxygen monitoring device as an example with which 
this invention is applied. The human body 12 was equipped with the probe 6, and it is 
provided with the emitter part 8 which enters the light from the light source in the 
device main frame 2 in the human body 12, and the light sensing portion 10 which 
receives the transmitted light or the catoptric light in the human body 12, and sends the 
light or a light-receiving signal to the device main frame 2. In order to fluctuate the 
oxygen state of an arm, the cuff 3 for blood pressure measurement is used, an arm is 
bound, and change of the absorbance is measured. 

[0028]If an arm is bound to about 100 mmHg using the cuff 3, only a vein stops, and 
only oxygenation hemoglobin and deoxygenation hemoglobin will change, without the 
cytochrome oxidase changing. If an arm is bound to 200mmHg by the cuff 3 to it, both 
an artery and a vein will stop, an arm will be in a strong anaerobic condition, and the 
cytochrome oxidase will also change outside oxygenation hemoglobin and 
deoxygenation hemoglobin. 

r00291 Drawing 9 shows roughly proofreading of the oxygen monitoring device as one 
example of this invention. In drawing 9. three kinds of semiconductor laser devices with 
which wavelength differs in the light source 16 are formed, The period for the dark level 
by which the semiconductor laser of the three wavelength lambdai, lambda2, and 
lambda3 switches one by one, and is turned on by the light source actuator 1 8, and 
neither of the semiconductor lasers is turned on, or a disturbance check mode is also 
provided. The measuring beam from the semiconductor laser 16 is sent to the emitter 
part 8 of a probe by the optical fiber 20, and the measuring beam from the emitter part 8 
does the diffuse reflection and the penetration of the human body 12 of a measurement 
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body, and enters into the detector as the light sensing portion 10 of a probe. The 
preamplifier 22 is formed in order to amplify the signal of the detector 10. The output 
signal of the preamplifier 22 is incorporated into the sample hold circuit 26 where 
wavelength differs and which was provided for every measuring beam. The sample hold 
circuit 26 classifies the analog signal over three waves. 

[0030]The multiplexer 28 is formed in order to choose and take out the output of the 
sample hold circuit 26, The analog signal selected by the multiplexer 28 is changed into 
a digital signal with A/D converter 30, and is incorporated into the operation part 32, 
and oxygenation hemoglobin variation, deoxygenation hemoglobin variation, and 
cytochrome-oxidase variation are computed. The weighting factor used when 
computing such variation is memorized by the coefficient memory part 54. 
[003 l]The function which suits a survey sample in the weighting factor memorized by 
the coefficient memory part 54 again by the procedure shown in the column of the 
operation and which is proofread so that it may carry out is also provided with the 
operation part 32. The computed oxygenation hemoglobin variation, deoxygenation 
hemoglobin variation, and cytochrome-oxidase variation are displayed on the indicator 
34. 36 is a control section, and control lighting of the light source in the light source 
actuator 1 8, or, Set up the gain of the preamplifier 22, the integration of the sample hold 
circuit 26 and sample hold operation are controlled, or operation of A/D converter 30, 
data-processing operation of the operation part 32, the display action of the indicator 34, 
etc. are controlled. Lessons is taken from each wavelength, it is switched one by one, 
and the light is switched on in 1 cycle 1 / 50 seconds, and this measurement signal 
divides the three light sources 16 in the sample hold circuit 26, and they are held. The 
objective component calculation part 52 and the coefficient correcting part 56 in 
drawing 1 correspond to the operation part 32. 

[0032]There is also a method of making a head go up and down and changing cerebral 
blood volume by the ability to sway [ putting the human body 12 on the tilting bed 60, 
as shown in drawing 10 besides / which uses the cuff shown in drawing 8 as a method 
of changing oxygenation of hemoglobin quietly / a method, and ] the bed 60. The state 
of blood can also be measured with the probe 6 attached to the head at this time. In this 
case, if a head falls, blood volume will increase, and blood volume will become less if a 
head goes up. 

[0033]Although explanation has described the example which measures three 
ingredients with three waves, measurement of three ingredients can also be performed 
with four or more waves. For example, it is a case so that the two remaining waves of 
absorbancy indexes may be decided from change of the oxygenation hemoglobin which 
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becomes settled in two waves, and deoxygenation hemoglobin. If there is a system to 
which only some ingredients in it are changed also about four or more ingredients, this 
invention is applicable similarly. 
[0034] 

[Effect of the Invention]In this invention, the variation of each objective component is 
computed by entering a measuring beam in a living body, measuring the amount of 
absorbance variations about the diffuse reflection and the transmitted light in the living 
body in the process of a living body's change of state, and using an objective component 
and the weighting factor for every measured wavelength for the amount of absorbance 
variations. Under the present circumstances, since it has the calibration mode corrected 
so that the sample of survey of a weighting factor may be suited to the limited 
ingredient, the weighting factor based on the real sample about the limited ingredient 
can be used. Therefore, the adverse effect to the ingredient by which the proofread 
ingredient is not proofread can be stopped to the minimum. When an ingredient like a 
cytochrome with difficult proofreading and an ingredient with large variation like the 
hemoglobin which can be proofread live together especially, since change of few 
cytochromes can be extracted, it is useful. 
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[Brief Description of the Drawings] 

[Drawing l]T he block diagram in which (A) shows this invention, and (B) are the flow 
chart figures showing the whole operation. 

fDrawing 2]I t is a figure showing the wavelength dependency of the absorbancy index 
of blood. 

fDrawing 3] Change of the oxygenation hemoglobin which was an example of 
measurement at the time of stopping only a vein, and was calculated by (A) having used 
change of the absorbance and (B) having used the measured value in 780 nm and 830 
nm, and deoxygenation hemoglobin, (G) shows change of the oxygenation hemoglobin 
calculated using the measured value in 690 nm and 780 nm, and deoxygenation 
hemoglobin. 

[Drawing 4]I t is a figure showing the absorbance variation measured value in the 3rd 
wavelength with change of the computed oxygenation hemoglobin and deoxygenation 
hemoglobin. 

[Drawing 5] It is a figure showing the wavelength dependency of the absorbance of the 
cytochrome oxidase. 
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[Drawing 6]Are an example of measurement at the time of stopping both a vein and an 
artery, and (A) Change of an absorbance, Change of the oxygenation hemoglobin by 
which (B) was calculated using the measured value in 780 nm and 830 nm, and 
deoxygenation hemoglobin, It is a figure in which change of the oxygenation 
hemoglobin by which (C) was calculated using the measured value in 690 nm and 780 
nm, and deoxygenation hemoglobin, and (D) show change of the oxygenation 
hemoglobin calculated by having taken the cytochrome oxidase into consideration, 
deoxygenation hemoglobin, and the cytochrome oxidase. 

[Drawing 7]It is a flow chart figure showing the procedure of correcting a weighting 
factor. 

[Drawing 8] It is an appearance perspective view showing the oxygen monitoring device 
of one example. 

[Drawing 9] It is a block diagram showing the oxygen monitoring device of the example. 

[Drawing 10]It is a front view showing the device to which the blood volume of the 

brain of a human body is changed. 

[Description of Notations] 

50 Measuring optical system 

52 Objective component calculation part 

54 Coefficient memory part 

56 Coefficient correcting part 
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[Drawing 6] 
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